Self-regulation in school contexts is a subject that caught the attention of researchers from many disciplines. Educational neuroscience is an emerging research field aiming to bridge the neuroscientific knowledge and methodology with those of more consecrated research disciplines investigating learning and education, like psychology, sociology or education. Our paper investigates recent empirical studies exploring self-regulation in preK-12 educational contexts and which were identified as educational neuroscientific literature. As a result of an extensive search and filtering process conducted in conformity with the systematic review methodology, we found five articles that passed the predefined filtering criteria. Our findings suggest that this type of literature appeared mostly in the last decade with the occasion of new neuroscientific methodologies allowing conducting non-invasive advanced brain studies. The main self-regulation elements these studies focus on are academic motivation, attention orientation, self-perception on own mental abilities and behaviours, cognitive and emotional engagement in learning, social and task-related behaviour regulation. The methodologies used consisted mainly in self-or others-reported questionnaires, behavioural measures evaluation, academic performance measurement, computerized testing of cognitive abilities, physiological measures recordings (e.g. saliva or blood samples, heart rate), electroencephalography (EEG), and functional magnetic resonance imaging (fMRI). The samples included in the reviewed articles vary from preschool to primary, middle and high school students, comprising 376 participants in total. The reported research outcomes are rather limited but they also offer optimism regarding the possibilities to use neuroscientific methods for investigating self-regulation in an educational context. Various aspects regarding limitations of this type of research are discussed. Keywords: educational neuroscience; school context; self-regulation; systematic review. 
Introduction
Educational neuroscience is an emerging research field with a history of no longer than one decade. Although there were many attempts to connect the knowledge from fields such as cognitive psychology to that from cognitive neuroscience when approaching subjects of interest in education (Mareschal, Butterworth & Tolmie, 2013) , such as the mechanisms of the learning processes, this was always perceived as "a bridge too far" (Bruer, 1997) to be used by researchers and even practitioners in education.
But, as new neuroscientific methodologies of non-invasive investigation on humans developed in the last decades, this "bridge" seems to have formed more appropriate avenues and therefore allowed researchers to find better ways to explore education specific subjects using neuroscientific knowledge. Using electroencephalography or functional magnetic resonance imaging to explore the impact of various education-related stimuli such as cognitive or social abilities training on students is no longer a strange or extravagant research initiative but rather the norm for researchers willing to find more profound ways to explore how the brain works in different educational contexts (Caragea et al., 2017) .
Self-regulation is defined in the psychological literature as a process of selfmanagement, based on a set of abilities that a certain person uses in order to monitor and control his/her own emotions, thoughts, or behaviour, as to better suit the goals that the person established for himself and/or to better adapt to different contexts. It includes abilities related to self-observation and awareness, self-evaluation, self-control, self-modification, self-motivation, attentional orientation (Woltering & Lewis, 2009; Posner, Rothbart & Tang, 2013) .
In education, we find the concept of self-regulated learning, which is a process aimed at achieving certain learning objectives by taking control of one's learning and guiding it as best as it can. The main abilities involved, besides the ones specified above, are learning-specific: establishing specific objectives; planning and monitoring activities; selecting and using specific strategies; using feedback in order to better reach objectives (Zimmerman, 1990) .
The current study aims to understand how educational neuroscientific literature approaches the self-regulation research topic in general, in school contexts. In order to do that we are looking at studies that investigated various aspects of self-regulation (e.g. motivation, attention, meta-cognition, behavioural selfcontrol) at the level of preK-12 students, using a mix of methods specific either to neuroscience or behavioural sciences.
We will, therefore, address the following research questions to the above- In order to be able to answer all of these questions, we selected the systematic review as a good research method to help us achieve our predefined research aim (Roth, Ogrin & Schmitz, 2015; Betihavas et al., 2016; Dion & Restrepo, 2016) .
Methodology

Search Strategy
In September 2017, a systematic search was conducted of the following international psychological, educational and neuroscientific electronic databases: PubMed, EBSCO, ERIC, and ProQuest. The Boolean operators "AND"/"OR"/"NOT"/"-related" were used to combine search terms including: "self-regulation", "school", and "neuro-".
A secondary search was conducted on screening for the most relevant journals in educational neuroscience currently -Trends in Neuroscience and Education (published by Elsevier) and Mind, Brain, and Education (published by Wiley). Social Cognitive and Affective Neuroscience journal (published by Oxford Academic) was also screened for relevant articles.
The search was limited to English articles only. The search for each database was conducted separately based on similar keywords combination as mentioned above. Abstracts were first screened to see if the entries meet the predefined criteria and then saved if they seemed to have potential to be selected. A secondary more in-depth screening (including the full text of the paper) was consequently conducted. The references to these studies were also checked in order to identify additional papers fulfilling the inclusion criteria. The results from all searches were concatenated and duplicates were then removed. The results of the different search and filtering stages are exposed in Figure 1 .
Each of the three authors was involved in the screening of databases, one being in charge with education and psychology related databases (EBSCO, ERIC, and ProQuest), one with PubMed biomedical research database, and one searched more targeted in three selected journals considered as most relevant for the review focus. A common database was built to integrate the results after the exclusion phase, thus helping to identify potential duplicates.
Filtering Criteria
The main inclusion criteria used to search for relevant studies referred to:  Peer review empirical studies (not reviews or another type of research) that investigated self-regulation in an educational context having also a focus on brain research specific input. The following exclusion criteria were used:  Published in the last 10 years (starting with January 2007);  Full text in the English language;  Only samples of students from 3 to 18 years old approximately (preK to 12-grade students);  Using neuroscientific methods of investigation (measuring physiological input that is related to how the human nervous system functions);  Approaching aspects that can be inferred to the educational context. 
Search Outcomes
The search for each stream of articles had different results. PubMed database generated the largest number of entries (164), followed by EBSCO (34), ProQuest (15), and ERIC (8). The most targeted search, in the three scientific journals targeted, generated a total of 16 results. Therefore the filtering process, according to the exclusion criteria, included 237 titles. Generally, by only reading the abstracts, the filters could be applied, but in cases where some elements were not clear, the full text was examined for significant details (mostly, for the information regarding sample characteristics, neuroscientific methods use, educational context relatedness and quality of the journal). This was the case for a total of 33 articles.
The filtering process resulted in a number of only five articles that met all the criteria. From our observations, many other relevant articles were either a review or were not using basic neuroscientific methods or the samples were other than preK-12 students (mostly undergraduates). In the case of the criterion regarding educational context relevance, all the three researchers shared their opinions on the articles that raised this question until a consensus was reached.
Data Extraction
All three researchers contributed to the extraction and categorization of data. An online collaborative spreadsheet was built in order to have all raw data put together for comparison. Each column was used as a category and each row was dedicated to one article. As a secondary analysis of these data, patterns of information were identified and then categorized as summaries of a systematic synthesis. The following themes were, therefore, approached: study characteristics, self-regulation elements addressed, methods and instruments, outcomes and educational implications, study limitations, and future research perspectives.
Results
Study Characteristics
The systematic review of the empirical studies investigating self-regulation in school contexts with the help of neuroscientific knowledge and methods comprised five studies. All of these studies where published in educational neuroscience dedicated journals (3 in Mind, Brain, and Educational journal and 2 in Trends in Neuroscience and Education journal), within the last ten years. All three elements that are a subject of self-regulation were approached in these studies: emotional, cognitive, and behavioural regulation. Nevertheless, the approaches and foci were diverse. The samples of all five studies totalled 376 participants with 36 being the smallest sample and 164 the largest with a wide age spectrum (one study involved pre-schoolers, one a mix of preschoolers and primary school students, one middle school students and two studies tested high school students). The research studies included were conducted in US (2), Spain, UK, and Finland. The methodology of all empirical studies was based on a mix of methods -ones that are more specific to behavioural sciences (such as self-or others-reported questionnaires, testing behaviours or cognitive abilities, academic performance reports, computerized testing) and others more specific to neuroscientific studies (e.g. assessment of physiological markers such as saliva, blood samples, or heart rate; electroencephalography, functional magnetic resonance imaging). All five studies reported some type of positive correlations regarding self-regulation and another type of tested variable, although they also reported limitations in their studies (mainly regarding the small number of participants or the methodology used). Three out of five studies formulated specific implications that their results can have on educational practice.
Self-regulation Elements Addressed
This section details the topics addressed by the studies and the variables used in order to measure the relationships hypothesized to exist between different aspects of self-regulation and different skills and emotional states that facilitate learning and social relationships.
The topics approached were very diverse: the contribution of physiological activity (HPA and SNS) to children's behavioural regulation abilities expected to relate to classroom and home measures of self-regulation (Lisonbee et al., 2010) ; the satisfaction of basic psychological needs and its effects on emotional arousal (Streb et al., 2015) ; the impact of a mindfulness training on markers of attention and metacognition in adolescents (Sanger & Dorjee, 2016) ; the role of individual differences in neurocognitive and temperamental systems of self-regulation in early adolescents' social and academic competence (Checa et al., 2008) , and the relation between academic motivational characteristics and certain neurophysiological systems that are thought to underlie the processing of successes and failures (Fisher et al., 2009 -Fisher et al., 2009 ; satisfaction of basic psychological needs (relatedness -interaction with teacher and with peers, autonomy -freedom of choice with regard to the learning material and to the preferred way of learning, and competence -feeling of pride regarding personal achievement).  Social factors: social status reflected as appreciation/rejection, schooling skills, or teacher sensitivity (Checa et al., 2008) .  Other physiological elements: level of cortisol -HPA activity and level of alpha-amylase -SNS activity, associated with emotional and behavioural self-regulation capacities; heart rate, associated with emotional arousal (Streb et al., 2015) .  Socio-demographic variables: age, gender, socioeconomic status of the family, minority status (Lisonbee et al., 2010) , classroom group size.  Academic performance: grades and other similar measures (Fisher et al., 2009; Checa et al., 2008) .
Methods and Instruments
The focus of this systematic review was on identifying neuroscientific methods and their adapted instruments used on examining self-regulation in school contexts. Therefore, studies that only mentioned neuroscientific knowledge but used only surveys, psychological testing or classical behavioural data, did not pass our filtering process.
The way psychological behavioural methods are mixed with ones more specific to biomedical research it is, in fact, a characteristic and also an asset for educational neuroscience. Finding the best fit and the balance between behavioural and physiological evidence it is indeed a challenging act for researchers in this field, as this is also applied to children increasing thus ethical concerns on using human participants in empirical experiments.
In Table 2 a selective list of methods and their associated instruments willing to test self-regulation relevant variables are enumerated based on the data provided by the authors of the systematically reviewed studies. This could serve as an inspiration for researchers willing to further test self-regulation in school contexts.
Outcomes and Educational Implications
The emergence of new research techniques in neuroscience suitable for human non-invasive testing has produced a large body of neuroscientific studies of self-regulation over the past 10 years. The illustrated findings are significant because they extend the neuroscientific research of self-regulation beyond the laboratory settings and more close to the classroom environment. Because the field is rather new and has been approached from a variety of interesting directions, this heterogeneity makes it difficult to summarize the existing discoveries. Nevertheless, the current studies represent attempts to explore how educationally relevant cognitive and motivational components may parallel neurophysiological reactions to performance outcomes in school settings. For instance, Fisher et al., 2009 , set the stage for future research by testing the relation between academic motivational characteristics and specific neurophysiological systems that are believed to underlie successes and failures processing.
Although we should not over-interpret these findings, we must be cognizant that some may play an important role in shaping the future of education. For instance, one should think diligently about providing engaging learning environments which further lead to greater academic performance and learning. Given these facts, the authors offer arguments for introducing facilitating factors in schools (e.g. mindfulness-based training for students), or increasing teacher's awareness by helping them understand how some changes might have the potential to reduce conflict and elicit positive responses from students (Sanger & Dorjee, 2016) . These findings offer, therefore, a useful and interesting starting point for future investigations.
Study Limitations
The limitations of the studies, as identified and declared by the authors, were related to aspects of measurement (timing, interpretation), of some possible but un-investigated effects of confounding variables, selection bias, lack of follow-up measures to assess subsequent effects, and lack of measures to investigate brain function during performance of cognitive tasks and small data sets.
Future Research Perspectives
Despite the large research on self-regulation, there are still critical questions regarding research gaps that need to be addressed. For example, we are still confronted with the problem of generalizing from these results to the actual school environment. A proactive approach to research and research-toclassroom setting translation that includes neuroscientists, teachers, and school managers is an important next step. This is especially significant with regard to the large discrepancies between teacher's beliefs and self-regulated learning strategies (Sanger & Dorjee, 2016) .
Moreover, further investigation is a must in order to increase our understanding of the variables affecting self-regulation. For this reason, it has been stated that we must take into account a variety of factors and linkages that, to date, have not been sufficiently examined. Also, in some cases, it might be advisable to replicate the relevant physical characteristics in order to make clearer sense of the results (Lisonbee et al., 2010) .
Discussion
This systematic review examined how educational neuroscientific literature approaches self-regulation research topics in school contexts. Due to the brief history of educational neuroscience literature (Mareschal, Butterworth & Tolmie, 2013) , we have found only a little number of empirical studies to pass our filtering criteria. Although, the number was higher in general as many other relevant and consistent studies were conducted on self-regulation in an educational setting using other samples than the ones we have selected for this review (mainly, consisting in higher education students).
Self-Regulation in School Contexts
Self-regulation is a subject well studied in disciplines like psychology and education, many testing instruments being developed over the years, some also exemplified in the studies here. Nevertheless, specific research subjects such as self-regulated learning (Zimmerman, 1990; Pintrich, 2004) are still a hot and debated topic in education. In this context, the new neuroscientific methods looking to find brain correlates that can bring new insights on more subtle elements of self-regulation (e.g. metacognition, mindset, engagement, conflicting stimuli inhibition) are currently under development and refinement. In this regard, as our review indicates, there are some specific abilities related to self-regulation that can be explored with neuroscientific methods, as for example the capacity to orient and focus own attention on specific environment/ internal stimuli (Sanger & Dorjee, 2016; Checa et al., 2008) ; the capacity to inhibit first responses and adapt to a specific context (Lisonbee et al., 2010) ; the awareness of one's own emotions, thoughts, beliefs (Fisher et al., 2009 ).
The Educational Neuroscience Promise
As Butterworth and Tolmie formulated in their introductory chapter of one of the educational neuroscience pioneering books (Mareschal, Butterworth & Tolmie, 2013) , this new research field aims to provide insights on how we can help learners to achieve their learning potential "and to make learning more effective to all learners" (p. 2).
Taking this further, M.S.C. Thomas (2013) formulates some predictions regarding the evolution of educational neuroscience and of its impact in education. Thus, in the near future we can expect that this new discipline will help understanding reasons for why some methods work and some not, and we shall find ways to optimize learning but on a broader level; but on a far future, this could lead to some interesting and challenging phenomena, such as an "educational placebo effect", genetically personalized education, and thus will increase the need of a neuroscientific training for teachers.
Despite all these promises, we should keep aware that using neuroscientific methods in an educational setting has also many limitations. For example, using laboratory instruments of investigation (e.g. EEG or fMRI apparatus) is more difficult to assess subtle educational-specific elements as for example behavioural regulation in educational regular social contexts (Caragea et al., 2017) .
Limitations
Regarding the limitations of our own study, we consider that although we tried to conduct a thorough search for relevant articles, some could have missed due to the fact that not all relevant databases were included in our search strategy. For example, for a future study, we are considering to use an aggregator such as Google Scholar (Dion & Restrepo, 2016) , which can offer a more thorough integration of potential relevant entries for our search. Another limitation could have been the data extraction strategy, as each researcher had a slightly different approach in selecting the most relevant content to extract and also his or her way to analyse and formulate a synthesis of main ideas. For this, we used collaborative documents as to see in real time what the others are formulating and indicate them if some discrepancies would appear.
Conclusions
This systematic review, which included only five empirical studies, with a total of 376 participants, offered some insights regarding the type of relevant self-regulation variables and experimental designs that researchers from educational neuroscience can use in order to conduct specific studies in school contexts. The review indicates that this type of literature is in its dawn and that a successful mix between psychological tools and more neuroscientific physiological data related instruments, can be used to conduct self-regulation research in school contexts also for preK-12 students. We take note of the limitations these methods have, as they are very new in education research, but we are also keeping ourselves optimistic regarding their potential to facilitate further research insights on self-regulation in education and also on other education-related topics.
